ABSTRACT: Two novel antenna complexes of Eu III with 1-naphthoic acid (NA) as primary ligand and two aromatic N-donor ligands namely N-hexyl-N-(pyridin-2-yl) pyridin-2-amine (1) and 4-((dipyridin-2-ylamino)methyl)benzoic acid (2) have been synthesized and characterized by various spectroscopic techniques. The room-temperature (298 K) photoluminescence spectrum of Eu III complexes composed of typical line like emissions, assigned to transitions between the first excited state 5 D0 to the 7 F J (J = 0-4), resulting in red emission along with the residual emission from the 1-naphthoic acid moiety in the blue region. The determined CIE color coordinate value for the complex 2 is (x = 0.36, y = 0.34), which is in white region.
pyridin-2-amine (1) and 4-((dipyridin-2-ylamino)methyl)benzoic acid (2) have been synthesized and characterized by various spectroscopic techniques. The room-temperature (298 K) photoluminescence spectrum of Eu III complexes composed of typical line like emissions, assigned to transitions between the first excited state 5 D0 to the 7 F J (J = 0-4), resulting in red emission along with the residual emission from the 1-naphthoic acid moiety in the blue region. The determined CIE color coordinate value for the complex 2 is (x = 0.36, y = 0.34), which is in white region.
One of the main challenges faced by modern day lighting technology is the production of efficient white light emitting materials. These are essential for the applications such as full color displays and for backlighting liquid crystal displays, 1-2 whereas in some other places pure colors are necessary. 3 Hence, white emission should ideally be composed of three (blue, green, and red) primary colors and cover the whole visible range, at the same time the emitter should have the ability to emit the primary colors simultaneously with equal intensities to produce white light and the pure colors separately in a tunable way. 4 This goal is achieved by mixing various primary colors from different emitting materials. 5 Another approach for the generation of white light sources is to use a single component emitter, with greater stability, reproducibility, no phase separation, and simpler fabrication processes. 6 However, most of the organic dyes used usually possess broad spectrum covering entire visible region. Hence these organic dyes are not best suited for this purpose.
In III -blue), it is possible to obtain white light with high color purity. 8 Moreover, there is considerable interest for the development of single molecular materials containing Dy III ion, which can emit white light. 9 In recent past many Eu III containing single molecular materials with carefully designed ligand system which allows partial energy transfer between organic fluorophore to central metal ions are known to emit white light. 7 To this end we have designed a new Eu III complex with 1-naphthoic acid as primary ligand and 4-((dipyridin-2-ylamino)methyl)benzoic acid as ancillary ligand (2) . Its photophysical properties were compared with a known Eu III -1-naphthoyate complex (1). The Eu III complexes 1-2 were synthesized according to a reported procedure. 10 The detailed synthesis and experimental procedures are given in experimental section and molecular structures of 1-2 are presented in ) and Eu 3+ complexes 1-2 (c = 1×10
The UV-Vis absorption spectra of the primary ligand 1-naphthoic acid (NA) and Eu III complexes 1-2 were recorded in THF and were gathered in Figure 1 . All the spectra were identical in their shape and peak position, but the calculated ɛ values shows large differences. The obtained ɛ values for 1-2 ( Table 1 ) are almost three times higher than NA. This is in good agreement with the presence of three NA molecules per Eu III complexes. Exciting at the ligand centered band at 300 nm, Eu In addition to the above mentioned f-f transitions in the red region, the emission spectra of 1-2 shows broad emissions in the shorter wavelength (blue) region (320-420 nm). These are much broader than the f-f transitions of Eu III ion and hence it is reasonable to assume that, the emission is caused by the organic moieties in complexes 1-2. The residual emission shown by complexes 1-2 is similar in shape and position of maxima, but there is a large difference in their intensities. In complex 1, the relative intensity of residual emission is only 50% of the 5 D0→ 7 F2 transition of Eu III ion, indicating sizable energy transfer between the organic ligands and central Eu III ion. On contrary the residual emission shown by 2 is greater in intensity than the Eu III emission; this is in accordance with the less efficient energy transfer in complex 2. The low energy transfer efficiency of 2 than 1 may be attributed to the noradiative back energy transfer from the triplet state of 4-((dipyridin-2-ylamino)methyl)benzoic acid to 1-naphthoic acid. The 5 D0 lifetime values for complexes 1-2 were computed from the luminescence decay profile at room temperature by fitting with a monoexponential curve. The obtained values (Table 1) confirm that more nonradiative decay channels were available in 2 than 1. Thus the intense blue emission from the organic chromophore present in 2 combine with the less efficient red emission from central Eu III ion results in bright white emission. The CIE colour coordinates calculated are (x = 0.34, y = 0.36) which represents pure white. 7 In conclusion we have designed two new antenna complexes of Eu III ion with 1-naphthoic acid by replacing the solvent molecules in the first coordination sphere with N-hexyl-N-(pyridin-2-yl)pyridin-2-amine or 4-((dipyridin-2-ylamino)methyl)benzoic acid. The complex 2 shows highly efficient white luminescence. Thus complex 2 in the present study may find potential application in the field of optoelectronics as a single molecular white emitter. Furthermore, the carboxylate group present in the nitrogen donor 4-((dipyridin-2-ylamino)methyl)benzoic acid will help this white emitting material to bind surface of TiO 2 and hence may improve the performance of DSSC. Further work in this direction is under progress in our laboratory.
Experimental procedures
General. All reagents are from Aldrich and were used as received except tetrahydrofuran (THF) which was freshly distilled from sodium-benzophenone under N 2 . 4-(4-(4-(2-Ethylhexyloxy)phe-nyl)naphthalen-1-yl)benzoic acid and [NA0-CO 2 ] 3 -Eu-(HT) were synthesized as reported. 10 1 H NMR spectra were recorded on Varian Oxford 300 MHz and chemical shifts are reported in ppm with respect to tetramethylsilane as internal standard. Infrared spectra were measured on KBr pellets using a Jasco FT/IR-4200 Spectrometer. Steady-state and time-resolved photoluminescence spectra were measured on a Fluorolog FL-3-22 spectrofluorimeter from Horiba-Jobin-Yvon Ltd. equipped with a 450W Xe-lamp and monochromator. Visible emission spectra were detected with a Hamamatsu R928 photomultiplier (pyridin-2-ylmethyl) amino)methyl)benzoic acid (NL-CO 2 H): NEt 3 (1.4 mL, 10.04 mmoL) was added to a solution of bis(2-picolyl)amine (1.18 mL, 10.04 mmol) and methyl p-(bromomethyl) benzoate (2.3 g, 10.04 mmol) in THF (80 mL), and the mixture was refluxed for 1.5 h. The mixture was allowed to reach room temperature and filtered to remove a white precipitate. After removal of the solvent, the oily residue was dissolved in Et2O (80 mL) and filtered to remove a red solid. Evaporation of the solvent yielded 2 g (83%) of a orange oil, which was used as such in the next step. A solution of NaOH (0.8 g, 20 mmol) in 5 mL of H2O was added to a solution of methyl 4-((bis(pyridin-2 ylmethyl)amino)methyl) benzoate (1.4 g, 4.0 mmol) in MeOH (20 mL), and the mixture was stirred for 2 h at room temperature. The pH was neutralized with 2 M HCl, followed by removal of the solvent under reduced pressure. The white residue was triturated with CHCl3 (200 mL), followed by filtration to remove NaCl. The CHCl 3 solution was dried with MgSO4. Removal of the solvent under reduced pressure afforded a yellow oil, to which CH3CN (30 mL) was added, followed by stirring. After approximately 30 min., a white precipitate formed. 
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Synthesis of Eu(III) complexes.
Eu(III)-cored complex was synthesized using synthetic methods previously developed by our group.
10a A mixture of 1 (3.0 equiv.), and KH (3.0 equiv.) was stirred in freshly distilled THF at room temperature for overnight until there was no more H2 gas to generate. After the completion of salts, the methanol solution of anhydrous EuCl3 (1.0 equiv.) and appropriated 2 (1.1 equiv.) added to the reaction solution, and then stirred for 2 days. The resulting solution was filtered and the solvents were removed. 
